9°                          . PRELIMINARY.
equal and similar -transverse sections; and let this substance have the property of-compressibility with perfect elasticity, in the direction of the length of the bar, and of absolute resistance to change in every transverse dimension. Before impact, let the two bodies be placed with their lengths in one line, and their transverse sections (if not circular) similarly situated, and let one or both be set in motion in this line'. Then, if the lengths of the two be equal, they will separate after impact with the same relative velocity as that with which they approached, and neither will retain any vibratory motion after the end of the collision. The result, as regards the motions of the two bodies after the collision, will be sensibly the same if they are of any real ordinary elastic solid material, provided the greatest transverse diameter of each is very small in comparison of its length.
269.    If the two bars are of an unequal length, the shorter will, after the impact, be in exactly the same state as if it had struck another of its own length, and it therefore will move as a rigid body after the collision.    But the other will, along with a motion of its centre of gravity, calculable from the principle that its whole momentum must (§ ?33) tie changed by an amount equal exactly to the momentum' gained or lost by the first, have also a vibratory motion, of which the. whole kinetic and potential energy'will make up the deficiency of energy which we shall presently calculate in the motions of the centres of inertia.    For simplicity, let the longer body be supposed to be at rest before the collision.    Then the shorter on striking it will be left at rest; this being clearly the result in the case of the <?=i in the preceding formulae (§ 265) applied to the impact of one body striking another of equal mass previously at rest.   The longer bar will move away with the same momentum, and therefore with less velocity of its centre of inertia, and less kinetic energy of this motion, than the other body had before impact, in the ratio of 'the smaller to the greater mass.    It will also have" a very remarkable-vibratory motion, which, when its length is more than double of that of the other, will consist of a wave running backwards and forwards through its length, and causing the motion of its ends, and, in fact, of every particle of it, to take place by 'fits and starts,' not continuously.    The full analysis of these circumstances, though very simple, must be reserved until we are especially occupied, with waves, and the kinetics of elastic solids. It is sufficient at present to remark, that the motions of the centres of inertia of the two bodies after impact, whatever they may have been previously, are given by the preceding formulae with for e the value
-tf, where M and M' are the smaller and larger mass respectively.
270.    The mathematical theory of the vibrations of solid elastic spheres has not yet been' worked out; and its application to the case of the vibrations produced by impact presents considerable difficulty. Experiment, however, renders it certain, that but a small part of the whole kinetic energy of the previous motions can remain in the form of vibrations after the impact of two equal spheres of glass or of